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Abstract: A physically active lifestyle and a diet rich in vegetables and fruits have a central role in
promoting health. This study examined the associations between leisure-time physical activity (LTPA)
trajectories and fruit and vegetable consumption (FVC) from childhood to middle age. The data were
drawn from the Cardiovascular Risk in Young Finns Study with six age cohorts. Participants were 9
to 18 years (n = 3536; 51% females) at baseline in 1980 and 33 to 48 years at the last follow-up in 2011.
LTPA and FVC were self-reported. LTPA trajectories were identified using latent profile analyses,
after which the mean differences in FVC across the trajectories were studied. Active, low-active,
decreasingly and increasingly active trajectories were identified for both genders. An additional
trajectory describing inactivity was identified for females. Those who were persistently active or
increased their LTPA had higher FVC at many ages when compared to their inactive or low-active
counterparts (p < 0.05). In females prior to age 42 and in males prior to age 24, FVC was higher at
many ages in those with decreasing activity than in their inactive or low-active counterparts (p < 0.05).
The development of LTPA and FVC from childhood to middle age seem to occur in tandem.
Keywords: physical activity; diet; trajectory; longitudinal; childhood; adolescence; adulthood
1. Introduction
In 2010, low fruit intake was ranked the fifth, physical inactivity the tenth, and low vegetable
intake the seventeenth global risk factor for disease burden [1]. For example, higher physical activity [2],
as well as high fruit, vegetable, and legume intake [3] are associated with a lower risk of cardiovascular
diseases and all-cause mortality. Additionally, a physically active lifestyle throughout childhood and
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adolescence has been found to be a factor preventing obesity in young adulthood [4], while fruit
and vegetable intake seems to be inversely, but weakly, associated with weight gain later in life [5].
Since these two behaviors are relevant in regard to health, understanding how they are associated with
one another may help in improving public health.
Whereas previous cross-sectional [6] and prospective studies [7] have shown that being physically
active is associated with higher consumption of fruits and vegetables, the relationship between
the pathways of leisure-time physical activity (LTPA) and fruit and vegetable consumption (FVC)
from childhood to adulthood have rarely been researched. Since physical activity [8] and dietary
behaviors [9,10] established in childhood and adolescence may track into adulthood, studying the
associations between these two behaviors during transition phases from childhood to adolescence and
from adolescence to adulthood is important.
A disadvantage of studying the tracking of behaviors is that it does not provide detailed
information on subgroups that change their behavior over time. The recent advances in trajectory
modelling techniques enable the study of behavioral heterogeneity at different phases of life in a
data-driven way [11,12]. For example, in the present instance, it is possible to identify distinctive
trajectory classes (i.e., subgroups) of physical activity [13] and FVC [14]. Identifying the key groups of
individuals and critical windows during the life course that would be the most receptive to physical
activity and dietary promotion would contribute to the enhancement of public health.
The main objective of the present study, with a follow-up lasting over 30 years, was to examine the
links between different LTPA trajectories and FVC from childhood to middle age. The study contributes
to understanding more profoundly how LTPA develops between and within individuals and how
inter- and intra-individual LTPA development is associated with FVC.
2. Materials and Methods
2.1. Study Design and Participants
The Cardiovascular Risk in Young Finns Study (YFS) is an ongoing, longitudinal, population-based
study whose participants have been randomly selected from five Finnish university cities with medical
schools: Helsinki, Kuopio Oulu, Tampere, and Turku. Urban and rural areas in and around these
cities were included. The study comprises six age-cohorts born in 1962, 1965, 1968, 1971, 1974 and
1977. At baseline in 1980, 3596 boys and girls aged 3 to18 years participated in the study (83% of
those invited, n = 4 320). Follow-up studies have been conducted in 1983, 1986, 1989, 1992, 2001, 2007
and 2011. Participation rates in the follow-up studies have been satisfactory, ranging from 2060 to
3596, the main reasons for non-participation being lack of interest in the study, the accompanying
person being unable to obtain leave from work, child unwilling to participate and fear of clinical
examination [15]. Unexpectedly, many participants lost to follow-up earlier in the study have returned.
For the present study, the sample was restricted to participants with at least one measurement
of both LTPA and FVC. In addition, since the physical activity data on participants under age nine
was parent-reported, we restricted the self-reported LTPA data to ages nine to 48 years (n = 3536;
51% females). The representativeness of the study population has been studied by comparing the
baseline (1980) characteristics between the sample of the year 2001 and those lost to follow-up [15].
The results showed that participants were older and more often females than non-participants.
However, no significant differences in physical activity, body mass index (BMI) or parental years of
education were observed between participants and non-participants. A detailed description of the YFS
and the study protocol has been published earlier [15].
2.2. Measurements
Leisure-time physical activity. LTPA was assessed eight times between the years 1980 and 2011 (ages
9 to 48) through a self-administered questionnaire. In the years 1980 to 1989, the questionnaire items
concerned the frequency and intensity of LTPA, participation in sports-club training, participation in
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sports competitions, and habitual way of spending leisure-time. In the years 1992 to 2011, the LTPA
questionnaire items concerned the frequency and intensity of LTPA, frequency of vigorous LTPA,
hours spent on vigorous LTPA, the average duration of an LTPA session, and participation in organized
LTPA. All items were first recoded (1 = inactivity or very low activity; 2 = moderately intensive or
frequent activity; 3 = frequent or vigorous activity) and then summed to create a physical activity
index ranging from 5 to 15 [16,17]. The creation of the original index has been described previously
elsewhere [16]. An index value under seven describes inactivity and value of eleven high activity. Six is
scored when, for example, participants do not usually experience breathlessness and sweating during
physical activity, do not engage in rigorous LTPA, engage in organized physical activity occasionally,
and engage in LTPA sessions lasting for 20-40 minutes. Eleven is scored when, for example, participants
experience a lot of breathlessness and sweating during physical activity, engage in rigorous LTPA
several times and 2-6 hours per week, participate in organized LTPA at least once a week and engage
in LTPA sessions lasting for 40-60 minutes.
The criterion validity of the childhood (years 1980-89) and adulthood (year 1992 onward) LTPA
index has been tested by studying its correlation with indicators of exercise capacity (hypothetical
maximal workload sustainable for 6 minutes) in a subsample (n = 102) of YFS participants.
The correlations were significant in childhood (girls: r = 0.39; boys: r = 0.33) and adulthood
(women: r = 0.49; men: r = 0.53) [16]. In addition, the LTPA index correlated significantly with 7-day
pedometer data (r = 0.24 for total steps; r = 0.31 for aerobic steps) [17], and also with accelerometer
data (r = 0.26-0.45) [18].
Fruit and vegetable consumption. FVC was assessed six times using two different self-administered
questionnaires. The first questionnaire was used in 1980, 1983, 1986, and 1989 (at ages 9 to 27 years) and
consisted of two items: Frequencies of fruit and fruit juice consumption and vegetable consumption
separately during the past month. Participants selected one of six response categories: (1) not at all or
hardly ever; (2) once or twice a month; (3) once a week; (4) a few times a week; (5) nearly every day;
and (6) every day. An FVC index was created by summing the values from the two items. The index
ranged from 2 to 12, with high scores indicating high FVC.
In 2007 and 2011 (ages 30 to 48 years), the above questionnaire was replaced with a more
comprehensive food frequency questionnaire (FFQ) comprising 131 items on different foods and drinks.
The FFQ was developed and validated by the Finnish National Institute for Health and Welfare [19].
Participants reported their monthly, weekly or daily consumption of different food and drink items
during the past year. The reported intakes (frequency and portion sizes) of fruits (including fresh and
canned fruits and berries) and vegetables (including fresh and canned vegetables, root vegetables,
mushrooms, cabbage, pulses and edible bulbs) were first converted into grams per day and then
summed to form a variable indicating total daily FVC. Those in the 0.5% of the sample with the highest
or lowest scores of the total daily FVC for the years 2007 and 2011 (n = 38) were excluded in order to
remove the extreme under- and over-reporters from the further analyses.
Covariates. Participants’ BMI, total energy intake, education level, and their own and their mothers’
number of years of education were used as covariates. Height was measured with a wall-mounted
stadiometer and weight with a digital scale. BMI was calculated as the ratio of weight to the square of
height (kg/m2). Total energy intake was assessed based on the FFQ in 2007 and 2011 [19]. To exclude
under- and over-reporters of total energy intake, all those in the 0.5% of the sample with the highest
or lowest scores of total energy intake data for the years 2007 and 2011 (n = 38) were excluded from
the further analyses. Participants were asked to state education level (primary school, vocational
school, high school, and university or equivalent) and their own and their mothers’ number of years
of education.
2.3. Statistical Analysis
Descriptive statistics were calculated by using IBM SPSS Statistics for Windows, version 24.0
(IBM Corp. Armonk, NY, USA), and expressed as means and standard deviations. Differences in
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the study variables between males and females were tested by using an independent-samples t-test.
Further modelling was performed by using Mplus, version 8.0 [20].
Distinct LTPA trajectory classes from childhood to adulthood have been identified from the YFS
data in a previous study for males and females separately by using latent profile analysis, which is a
type of finite mixture modelling [21]. The modelling was performed again for the present study as
the composition of the sample had changed slightly owing to the requirement that each participant
had at least one measurement of LTPA and FVC. The statistical modelling of the LTPA trajectories
has been described in a previous paper [21] and is presented in Supplement 1. All analyses were
performed separately for males and females owing to differences in LTPA previously observed between
the sexes [21]. Missing data were assumed to be missing at random. Model parameters were estimated
by using the full information maximum likelihood method with robust standard errors, thus, enabling
the use of all the available data.
After identifying the LTPA trajectories, the mean differences in FVC from age 9 to 48 years across
the LTPA trajectory classes were studied utilizing the Bolck-Croon-Hagenaars (BCH) approach [22–24].
In the BCH approach, the model estimates for the latent classes (here LTPA) are not affected by the
auxiliary variable (FVC), thereby avoiding the class membership changes [24]. First, the BCH weights
from the latent profile analysis run with the optimal number of LTPA trajectory classes were saved.
BCH weights are group-specific weights computed for each participant during the latent profile model
estimation. In the second run, the BCH weights were used as training data, and a multiple group
regression model was estimated. FVC was regressed on age-specific covariates within the distinct
LTPA trajectory classes, and differences in the regression intercepts (i.e., adjusted means of FVC)
across the trajectory classes were studied. When, for example owing to small class size, an error in
the computation was reported in Mplus, the residual variances were fixed to a value with the lowest
Akaike’s Information Criterion, which indicates the best model fit.
The models were adjusted for the participant’s BMI at all ages, mother’s years of education (at
ages 9, 12, 15, 18, and 21), the participant’s education level (at ages 24 and 27), the participant’s years of
education (at ages 30, 33, 36, 39, 42, 45, and 48), and total energy intake (at ages 30, 33, 36, 39, 42, 45,
and 48). Standardized values of the covariates were used when adjusting the models.
2.4. Quality Assessment
To enhance reporting quality, the study was conducted according to the Strengthening
the Reporting of Observational Studies in Epidemiology–nutritional epidemiology (STROBE-nut)
checklist [25] (Supplement 2). The Guidelines for Reporting on Latent Trajectory Studies (GRoLTS)
checklist [26] was applied to ensure the quality of the trajectory modelling (Supplement 3).
2.5. Availability of Data and Materials
The datasets analysed during this study are not publicly available for ethical and legal reasons,
but are available from the Publication Committee of the YFS on reasonable request. For more information
on dataset access, please contact Professor Olli Raitakari, Project Director of the YFS, University of
Turku, Finland, olli.raitakari@utu.fi.
2.6. Ethics Approval and Consent to Participate
All subjects gave their informed consent for inclusion before they participated in the study [15].
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the ethics committees of each of the five participating universities (ETMK:68/1801/2017).
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3. Results
3.1. Participants and Their Characteristics
The sample size of the present study was 3536 (51% females). All eight LTPA measurements
had been completed by 508 participants (14.4%), seven by 579 (16.4%), six by 666 (18.8%), five by 572
(16.2%), four by 453 (12.8%), three by 378 (10.7%), two by 241 (6.8%) and one by 139 (3.9%). For FVC,
the corresponding figures were 752 (21.3%), 944 (26.7%), 828 (23.4%), 534 (15.1%), 321 (9.1%), 156 (4.4%)
and one (0.03%). Table 1 shows descriptive characteristics and missing data for each study variable
at participants’ youngest age, nine years of age, and at 45 years. Since the sample size was small
at the participant’s oldest age, 48 years of age, the age of 45 was chosen to describe the descriptive
characteristics of the participants at the end of the study.
Table 1. Descriptive statistics of the study sample at age 9 and 45.
Descriptive Variable at Age 9 and 45 Males Females p a
Mean (sd) n (Missing) Mean (sd) n (Missing)
At age 9:
LTPA (index, range 5–15) 9.9 (1.6) 798 (100) 8.9 (1.4) 807 (101) < 0.001
FVC frequency (index, range 2–12) 10.2 (1.7) 778 (120) 10.4 (1.5) 803 (105) 0.010
BMI (kg/m2) 16.7 (2.3) 814 (84) 16.7 (2.3) 831 (77) 0.612
Mothers’ education (years) 10.9 (3.3) 798 (100) 10.7 (3.2) 804 (104) 0.315
At age 45:
LTPA (index value, range 5–15) 8.8 (1.9) 305 (239) 8.9 (1.7) 380 (215) 0.405
FVC (grams per day) 390 (206) 297 (247) 494 (214) 367 (228) < 0.001
Total energy intake (kcal/day) 2629 (799) 297 (247) 2139 (604) 367 (228) < 0.001
BMI (kg/m2) 27.3 (4.2) 318 (226) 26.3 (5.6) 391 (204) 0.004
Education (years) 14.5 (3.6) 315 (229) 15.4 (3.4) 388 (207) 0.001
sd standard deviation; LTPA Leisure-time physical activity; FVC Fruit and vegetable consumption; BMI Body mass
index. a p-value for sex difference (t-test).
3.2. Fruit and Vegetable Consumption of Males Across the Leisure-Time Physical Activity Trajectories
Four LTPA trajectories were identified for males: Persistently low-active (40.9%), decreasingly active
(15.7%), increasingly active (31.1%), and persistently active (12.3%) (Figure 1A). More detailed
description of the LTPA trajectories is presented in Supplement 1 and the selection of the final
number of classes is presented in Table 2. The lowest level of FVC was found for males on the
persistently low-active trajectory at nearly all ages (Figure 2A,B). Compared to those following the
persistently active trajectory, the FVC of the persistently low-active males was significantly lower
(p = [0.000, 0.015]) at half the ages studied (12, 15, 18, 21, 24, 36, and 39 years) (Table 3). In general,
the level of FVC declined during adolescence (age 12-18 years) across all the LTPA trajectories
(Figure 2A), but increased among the increasingly active, as well as low active (age 33–42) and
decreasingly active males (age 42–48) in adulthood (Figure 2B).
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Table 2. Latent profile analyses for leisure-time physical activity in males (n = 1727) and females (n = 1809).





1 32128 32281 32192 - - - - - - 500, 20
2 30662 30897 30760 < 0.001 < 0.001 < 0.001 0.78 73.7%, 26.3% 0.95, 0.90 500, 20
3 30342 30658 30474 0.01 0.011 < 0.001 0.63 43.4%, 40.2%.16.4%
0.83, 0.78,
0.89 500, 20
4 30139 30537 30305 < 0.001 0.001 < 0.001 0.64 40.9%, 31.1%,15.7%, 12.3%
0.80, 0.75,
0.72, 0.85 1000, 40

















1 34757 34911 34822 - - - - - - 500, 20
2 33634 33871 33734 < 0.001 < 0.001 < 0.001 0.83 84.0%, 16.0% 0.96, 0.89 500, 20
3 33268 33587 33403 < 0.001 < 0.001 < 0.001 0.64 57.5%, 30.6%,11.9%
0.82, 0.81,
0.89 500, 20
4 33147 33548 33316 0.615 0.617 < 0.001 0.66 49.8%, 33.5%,12.5%, 4.2%
0.79, 0.80,
0.77, 0.82 1000, 40













a Final class proportions for the tested latent class models based on estimated posterior probabilities. AIC Akaike’s information criterion; BIC Bayesian information criterion; BIC sample-size
adjusted Bayesian information criterion; VLMR Vuong-Lo-Mendell-Rubin likelihood ratio test; LMR Lo-Mendell-Rubin adjusted LRT test; BLRT Parametric bootstrapped likelihood ratio
test. AvePP Average posterior probabilities for most likely latent class membership. The class solution considered optimal is presented in bold.
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During childhood and adolescence (at ages 9–18), the highest mean values of FVC were found
for males on the persistently or decreasingly active trajectory (Figure 2A). However, from age 33
onward, the highest mean values of FVC was observed in the increasingly active males (Figure 2B).
When compared to the increasingly active males, those who were persistently active had significantly
higher FVC at ages 15 and 18 (p = [0.003, 0.032]), after which no significant difference in FVC was
observed between these two trajectories (Table 3). The participants on the increasingly active and
persistently low-active trajectories showed similar levels of FVC in childhood and adolescence (at ages
9–18). However, the two trajectories showed a significant difference in FVC (p = [0.000, 0.020]) in favor
of the increasingly active trajectory in adulthood (ages 21, 24, 36, 39, and 45) (Table 3). Concurrently,
males on the decreasingly active trajectory showed higher FVC than those on the low-active trajectory
up to age 24 (p = [0.006, 0.042]), but no longer in middle age (Table 3).
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Table 3. Mean fruit and vegetable consumption across the leisure-time physical activity trajectories.
Mean FVC in LTPA classes in 1980–1989 a (SE) Mean FVC in LTPA classes in 2007–2011 b (SE)
Age in years 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Sample size, males 777 1022 957 837 487 491 325 140 244 240 287 276 296 116
Sample size, females 802 1038 1068 987 614 618 443 156 323 341 362 375 365 169
Males:



















2 Increasingly active 10.1(0.1)
10.0
(0.2) 9.5 (0.2) 9.3 (0.2)
10.1















3 Decreasingly active 10.6(0.2)
10.4































mean differences in FVC
between LTPA classes
1–4 (Z-score test)
2 < 1 ** 2 < 1 * 4 < 3 * 4 < 3 * 3 < 2 *
4 < 3 * 4 < 3 ** 4 < 3 * 4 < 2 *** 4 < 2 ** 4 < 2 *** 4 < 2 **
4 < 1 * 4 < 1 *** 4 < 1 *** 4 < 1 ** 4 < 1 ** 4 < 1 ** 4 < 1 ** 4 < 2 **
Females:











































































4 Persistently low-active 10.4(0.1)
10.1

















5 Persistently inactive 10.2(0.2)
10.0
















mean differences in FVC
between LTPA classes 1–5
(Z-score test)
4 < 1 *
4 < 2 ** 4 < 1 * 3 < 1 *
4 < 3 *** 4 < 2 * 4 < 2 * 5 < 1 * 3 < 2 ** 1 < 2 **
5 < 1 ** 4 < 3 * 5 < 1 * 4 < 3 * 5 < 4 * 3 < 2 * 4 < 2 ** 3 < 2 *
5 < 1 * 5 < 2 *** 5 < 2 ** 5 < 2 *** 4 < 2 ** 5 < 2 ** 3 < 2 * 5 < 2 ** 5 < 2 ** 4 < 2 ** 5 < 1 ** 4 < 2 **
5 < 3 * 5 < 3 *** 5 < 3 ** 5 < 3 * 5 < 2 ** 5 < 3 ** 5 < 2 ** 5 < 3 ** 5 < 3 ** 5 < 2 ** 5 < 2 *** 5 < 2 **
FVC Fruit and vegetable consumption; LTPA Leisure-time physical activity. * p < 0.05; ** p < 0.01; *** p < 0.001. a At ages 9-27 FVC was expressed with index (range: 2-12). The model was
adjusted for BMI at ages 9-27, for mothers’ education (years) at ages 9-18, and for participants’ education (level) at ages 21-27. b At ages 30-48 FVC was expressed in grams of fruits and
vegetables consumed in a day. The model was adjusted for participants’ education (years), BMI, and total energy intake at ages 30-48. c The residual variances were fixed to a value with
lowest Akaike’s Information Criterion.
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3.3. Fruit and Vegetable Consumption of Females Across the Leisure-Time Physical Activity Trajectories
Among females, five LTPA trajectories were identified: Persistently inactive (16.8%), persistently
low-active (52.4%), decreasingly active (12.3%), increasingly active (15.1%), and persistently active
(3.4%) (Figure 1B). For a more detailed description of the LTPA trajectories and the selection of the final
number of classes, see Supplement 1 and Table 2. The mean values of FVC were the lowest among
the females on the persistently inactive trajectory at almost all ages (Figure 3A,B). These values were
significantly lower than among those on the persistently active trajectory at ages 9, 15, 21, 39 and 45
(p = [0.007, 0.049]) (Table 3).
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i mid le age (Figure 3B). From age 15 onward, FVC was higher among the females on the increasingly
active trajectory when compared to the in ctive trajectory (p = [0.000, 0.005]) (Table 3). FVC was also
higher mong the increasingly activ than low-active females at ag s 15, 21, 24, 27, 4 , 45 and 8
(p = [0.002, 0.048]). Females following the decreasingly active trajectory had higher FVC than their
inactive peers at ages 9, 15, 18, 21, 27, 36, and 39 (p = [0.000, 0.041]) or their low-active peers at ages 15,
18, and 27 (p = [0.000, 0.044]) However, these differences wer no longer vident in late middle age.
FVC was higher among females ide tified to the increasingly active t ajectory than among females i
the decreasingly active trajectory at ages 33, 42, 45, and 48 (p = [0.001, 0.044]), but not in childhood,
adolescence or young adulthood.
4. Discussion
The aim of this study was to gain insight into the relationship between LTPA trajectories and FVC
from childhood to middle age. The findings suggest that FVC is likely to be higher in individuals,
especially males, who are persistently active from childhood to adulthood when compared to their
persistently, less-active peers. These results mirror the findings from a previous longitudinal study
suggesting that physical inactivity and unhealthy diet are predictive of each other in men [27].
While FVC in females under 15 and males under 21 on the increasingly active trajectories resembled
that of their inactive and low-active counterparts, the increasers of LTPA ended up having the highest
FVC in adulthood. This tendency was particularly evident among females. In turn, FVC was higher
among the decreasingly active than inactive females up to age 39 after which their FVC no longer
differed from one another. Similarly, after males turned 27, the FVC of the decreasingly active males
was no longer significantly higher when compared to their low-active peers. The results are in line with
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previous findings, both cross-sectional [6] and longitudinal [14,28], confirming that higher FVC and
LTPA tend to occur in the same individuals. The results also add to previous knowledge by showing
how the changes in FVC closely parallel the distinctive contours of each LTPA trajectory over time at
many age points.
The general tendency of FVC was declining across all the LTPA trajectory classes during teenage
years after which the tendency changed. The only exception was the females following the decreasingly
active trajectory with their FVC declining later. The same declining tendency of FVC during adolescence
and young adulthood has been observed in a previous longitudinal study [10]. Even though the
tendency of FVC might be declining during teenage years, recent evidence from time trend analyses
shows how the overall daily FVC between years 2002–2010 has increased among European and US
adolescents aged 11–, 13– and 15 years [29].
The present study suggests that FVC level is associated positively not only with persistent activity
level, but also with changes in LTPA from childhood to middle age. For example, an increase in LTPA
among the increasingly active males and females was observed in young adulthood simultaneously
with the increase in FVC. However, among the increasingly active males, LTPA increased only
during young adulthood (ages 18–24) with a momentary high peak of FVC at this age, while another,
more continuous change towards higher FVC was not observed until later in adulthood. In Finland,
most young adults move from the family home just between 18 and 24 years of age [30]. This sort
of transition periods of life may change food choices [31] which might explain the momentary peak
of higher FVC among the increasingly active males and possibly also among the persistently active
females at the age of 21. In contrast, the increase initiated at the age of 18 in FVC among females in the
increasingly active trajectory continued until the end of the study period. Women tend to abandon
unhealthy behaviors in young adulthood more often than men [32], which might explain why the
favorable co-variance in the two behaviors was continuous for females starting already from the age of
18. Additionally, adult women have more pronounced health beliefs, better nutritional knowledge
and attach greater importance to a healthy diet than adult men [33–35] which might explain the more
consistent increase between the two behaviors among the increasingly active women. These results
reflect the findings from a previous longitudinal study concluding that an increase in physical activity,
in contrast to a decrease in physical activity, is associated with greater improvements in diet quality [36].
Reciprocally, the FVC of the decreasingly active participants dropped to the level of the
persistently inactive participants among females and low-active participants among males in adulthood.
Thus, decreasing LTPA may pose an additional health risk, due to simultaneous detrimental changes in
diet. All in all, only 22% of women and 14% of men in Finland attain the recommended intake of fruits
and vegetables [37] with FVC remaining low also worldwide when compared to the recommended
level [38]. However, the decreasingly active males of the current study managed to increase their
FVC again after turning 40. Indeed, an increasing trend in FVC was not observed only among
the increasingly active participants, but also among the persistently active females and persistently
low-active and decreasingly active males in adulthood. An increasing trend in FVC during recent
decades has been reported among Finnish adults [39,40]. The improved availability of fruits in Northern
Europe [41] and the affordability of fruits and vegetables in high-income countries when compared
to low-income countries [38] probably explains this positive trend in FVC. Also, having lunch in a
staff canteen has been found to be associated with higher FVC and improved diet among Finnish
adult employees [42], suggesting that endeavors put into developing healthier catering services in
Finland may also play a role in improving adults’ dietary behavior. Furthermore, the consistent
effort put in developing nutrition policy and Finnish nutrition guidelines [43] might have an effect on
the favorable development of FVC. For example, when comparing the food pyramid in the national
dietary recommendations in 1998 [44] to the food pyramid in the latest recommendations in 2014 [45],
the latter recommends higher consumption of fruits and vegetables. Also, the guidelines in 2005 [46]
recommended a level of 400 grams of fruits and vegetables per day, while the recommended level is
nowadays 500 grams [45]. Diet following Finnish nutrition recommendations has been found to be
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inversely associated with waist circumference and body fat percentage [47] suggesting that consuming
fruits and vegetables according to recommendations improves health.
Previous studies highlight the importance of, e.g., BMI, socioeconomic status, living environment,
perceived health, life events, and other factors in explaining levels of physical activity or FVC [38,48–52].
Although the models used in the present study were adjusted for BMI, education and total energy intake
(only in adulthood), it should be borne in mind that factors other than the two behaviors studied here
may explain why FVC was higher among the persistently and increasingly active than low-active or
inactive participants. For example, being on an increasingly or persistently active trajectory may be an
indicator of an overall positive health orientation [6], while being on an inactive or low-active trajectory
could be an indicator of an overall negative health orientation. A previous study on participants
aged 13 to 30 years of age supports this interpretation: The authors identified an overall unhealthy
trajectory in which daily fruit intake and regular exercise decreased with higher rates of smoking and
inebriation [14].
Since the development of the two behaviors seems to occur in tandem, future interventions should
study whether to target these two behaviors simultaneously, or is it enough to target one of them and
improvements in the other behavior will follow. So far, short term interventions studying the issue
have had inconsistent findings with two concluding that improvements in physical activity do not lead
to healthier diet [53,54], and another one showing that by increasing physical activity improvements in
diet can be achieved, but only among boys [55]. Future studies should also investigate the factors that
determine why certain people end up on unfavorable and others on favorable dietary and physical
activity trajectories and what are the factors enabling the favorable changes of the two behaviors
during the lifespan.
This study has several strengths, including a large sample size comprising six age cohorts,
recruitment of participants from across Finland, a 30–year follow-up starting from childhood,
and multiple follow-up measurements of LTPA and FVC. Together, these features of the YFS made it
possible to study the complex relationship between LTPA and FVC during the life course. The use
of a novel, data-driven statistical method enabled the identification of LTPA trajectories in which
participants’ LTPA developed similarly, while differing from those in the other trajectories [11].
As recommended in the previous literature, whole foods, here fruits and vegetables [56], were used
as units of healthy nutrition [57] instead of specific nutrients (e.g., vitamin C). Moreover, the study
utilized the STROBE-nut checklist (Supplement 2) and a modified version of the GRoLTS checklist
(Supplement 3) for ensuring appropriate quality in reporting the results. The GRoLTS checklist was
modified as not all the items in the list were suited to latent profile analyses, but instead to latent
growth mixture modelling and latent class growth analyses.
This study has its limitations. LTPA and FVC were self-reported, which may produce biased results.
There is a possibility for recall bias with light leisure-time physical activities being generally harder to
recall than vigorous ones [58]. Social desirability bias, meaning the tendency to over-report desired
behaviors and underreport undesired ones, is also present with self-reported data [59]. Self-reported
physical activity is commonly estimated higher than objectively measured physical activity [60],
and study participants, especially women, tend to overestimate their consumption of foods that are
considered to be healthy [61]. After participants turned 30, the method used to assess diet changed
from a simple 19–item form to a more comprehensive FFQ. The validity of the latter questionnaire is
presumably higher than that of the former one as a previous study showed how a similar comprehensive
FFQ as used in the current study performed more accurately than 7– and 16–item questionnaires [62].
However, these biases do not necessarily invalidate the results since the measurement instruments are
used for ranking individuals and not analyzing the exact amount of fruits and vegetables consumed nor
the exact intensity (low, moderate or vigorous) of physical activity. The sample was representative of
the general Finnish population. Hence, the present results cannot be generalized to other populations,
especially those in low- or middle-income countries or with diverse ethnic groups.
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Trajectory modelling also has its limitations. For example, each trajectory is a description of
the subgroup’s mean behavior, and thus, no participant is likely to follow the identified trajectory
precisely [63]. This is a reliability issue, especially in the small trajectory classes. Also, the mean FVC
across the LTPA trajectories might not be reliable at those five age points where the residual variances
of the FVC needed to be fixed to a value with the lowest Akaike’s Information Criterion in order to get
a result (see FVC mean values marked with c in Table 3). Especially the persistently active women at
the age of 21 and at the age of 48 seemed to have a deviant shift in their FVC mean values (Figure 3).
On the other hand, this trajectory class was extremely small (3.4% of the sample) which is why a
change in the answers of just a few participants may, indeed, change the mean FVC considerably.
Finally, although the final number of LTPA trajectory classes was based on objective index values,
subjective interpretation was also used, a procedure that could induce selection bias.
5. Conclusions
A parallel relationship from childhood to middle age was found between the LTPA trajectories
and FVC. The results support that of previous longitudinal research showing that LTPA behavior and
FVC may facilitate each other [64] and, in turn, decreasing LTPA may be an indicator for an additional
health risk, due to simultaneous detrimental changes in diet. While the most recent measurements
showed improvements in FVC across many of the LTPA trajectories, a decreasing tendency in FVC was
observed across nearly all the LTPA trajectories during teenage years and the inactive, low-active and
decreasingly active participants generally showed the lowest levels of FVC in adulthood. Putting effort
into adopting or maintaining a physically active lifestyle along with healthy dietary habits, starting from
adolescence, could be important for health later in life. To achieve the favorable changes in these
behaviors, cross-government and multisectoral approaches that facilitate the integration of physical
activity and higher FVC in multiple daily settings are needed.
Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/16/22/4437/s1,
Supplement 1: Statistical analyses used to identify leisure-time physical activity trajectories and their descriptions,
Supplement 2: Filled checklist of strengthening the reporting of observational studies in epidemiology and
nutritional epidemiology, Supplement 3: Filled checklist of guidelines for reporting on latent trajectory studies.
Author Contributions: Conceptualization, I.L., M.H., A.K., A.T., S.P., K.S., M.F. and T.H.T.; Data curation, N.H.-K.;
Formal analysis, I.L., A.K. and A.T.; Funding acquisition, I.L., M.H., K.S., X.Y. and T.H.T.; Investigation, I.L.;
Methodology, I.L., A.K. and A.T.; Project administration, O.R.; Supervision, M.H., S.P. and K.S.; Validation, M.H.,
X.Y. and T.H.T.; Visualization, I.L. and A.K.; Writing – original draft, I.L.; Writing – review and editing, I.L., M.H.,
A.K., A.T., S.P., K.S., M.F., X.Y., K.P., S.R., N.H.-K., O.R. and T.H.T.
Funding: This research was funded by the Finnish Ministry of Education and Culture [Grant 83/626/2014] and
Juho Vainio Foundation.
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.
References
1. Lim, S.S.; Vos, T.; Flaxman, A.D.; Danaei, G.; Shibuya, K.; Adair-Rohani, H.; Amann, M.; Anderson, H.R.;
Andrews, K.G.; Aryee, M.; et al. A Comparative Risk Assessment of Burden of Disease and Injury Attributable
to 67 Risk Factors and Risk Factor Clusters in 21 Regions, 1990–2010: A Systematic Analysis for the Global
Burden of Disease Study 2010. Lancet 2012, 380, 2224–2260. [CrossRef]
2. Lear, S.A.; Hu, W.; Rangarajan, S.; Gasevic, D.; Leong, D.; Iqbal, R.; Casanova, A.; Swaminathan, S.;
Anjana, R.M.; Kumar, R.; et al. The Effect of Physical Activity on Mortality and Cardiovascular Disease in
130,000 People from 17 High-Income, Middle-Income, and Low-Income Countries: The PURE Study. Lancet
2017, 390, 2643–2654. [CrossRef]
3. Miller, V.; Mente, A.; Dehghan, M.; Rangarajan, S.; Zhang, X.; Swaminathan, S.; Dagenais, G.; Gupta, R.;
Mohan, V.; Lear, S.; et al. Fruit, Vegetable, and Legume Intake, and Cardiovascular Disease and Deaths in 18
Countries (PURE): A Prospective Cohort Study. Lancet 2017, 390, 2037–2049. [CrossRef]
Int. J. Environ. Res. Public Health 2019, 16, 4437 14 of 17
4. Kwon, S.; Janz, K.F.; Letuchy, E.M.; Burns, T.L.; Levy, S.M. Active Lifestyle in Childhood and Adolescence
Prevents Obesity Development in Young Adulthood. Obesity 2015, 23, 2462–2469. [CrossRef]
5. Buijsse, B.; Feskens, E.J.M.; Schulze, M.B.; Forouhi, N.G.; Wareham, N.J.; Sharp, S.; Palli, D.; Tognon, G.;
Halkjaer, J.; Tjønneland, A.; et al. Fruit and Vegetable Intakes and Subsequent Changes in Body Weight in
European Populations: Results from the Project on Diet, Obesity, and Genes (DiOGenes). Am. J. Clin. Nutr.
2009, 90, 202–209. [CrossRef]
6. Noble, N.; Paul, C.; Turon, H.; Oldmeadow, C. Which Modifiable Health Risk Behaviours Are Related? A
Systematic Review of the Clustering of Smoking, Nutrition, Alcohol and Physical Activity (‘SNAP’) Health
Risk Factors. Prev. Med. 2015, 81, 16–41. [CrossRef]
7. Grosso, G.; Micek, A.; Godos, J.; Pajak, A.; Sciacca, S.; Galvano, F.; Boffetta, P. Health Risk Factors Associated
with Meat, Fruit and Vegetable Consumption in Cohort Studies: A Comprehensive Meta-Analysis. PLoS ONE
2017, 12, 1–21. [CrossRef]
8. Telama, R. Tracking of Physical Activity from Childhood to Adulthood: A Review. Obes. Facts 2009, 2,
187–195. [CrossRef] [PubMed]
9. Te Velde, S.J.; Twisk, J.W.R.; Brug, J. Tracking of Fruit and Vegetable Consumption from Adolescence into
Adulthood and Its Longitudinal Association with Overweight. Br. J. Nutr. 2007, 98, 431–438. [CrossRef]
[PubMed]
10. Lien, N.; Klepp, K.I.; Lytle, L.A. Stability in Consumption of Fruit, Vegetables, and Sugary Foods in a Cohort
from Age 14 to Age 21. Prev. Med. 2001, 33, 217–226. [CrossRef] [PubMed]
11. Muthén, B. Second-Generation Structural Equation Modeling with a Combination of Categorical and
Continuous Latent Variables: New Opportunities for Latent Class—Latent Growth Modeling. In New Methods
for the Analysis of Change; Sayers, A., Collins, L., Eds.; American Psychological Association: Washington, DC,
USA, 2001; pp. 291–322.
12. Muthén, B.; Muthén, L.K. Integrating Person-Centered and Variable-Centered Analyses: Growth Mixture
Modeling with Latent Trajectory Classes. Alcohol. Clin. Exp. Res. 2000, 24, 882–891. [CrossRef] [PubMed]
13. Lounassalo, I.; Salin, K.; Kankaanpää, A.; Hirvensalo, M.; Palomäki, S.; Tolvanen, A.; Yang, X.; Tammelin, T.H.
Distinct Trajectories of Physical Activity and Related Factors during the Life Course in the General Population:
A Systematic Review. BMC Public Health 2019, 19, 1–12. [CrossRef] [PubMed]
14. Wiium, N.; Breivik, K.; Wold, B. Growth Trajectories of Health Behaviors from Adolescence through Young
Adulthood. Int. J. Environ. Res. Public Health 2015, 12, 13711–13729. [CrossRef] [PubMed]
15. Raitakari, O.T.; Juonala, M.; Rönnemaa, T.; Keltikangas-Järvinen, L.; Räsänen, L.; Pietikäinen, M.;
Hutri-Kähönen, N.; Taittonen, L.; Jokinen, E.; Marniemi, J.; et al. Cohort Profile: The Cardiovascular
Risk in Young Finns Study. Int. J. Epidemiol. 2008, 37, 1220–1226. [CrossRef]
16. Telama, R.; Yang, X.; Viikari, J.; Välimäki, I.; Wanne, O.; Raitakari, O. Physical Activity from Childhood to
Adulthood: A 21-Year Tracking Study. Am. J. Prev. Med. 2005, 28, 267–273. [CrossRef]
17. Hirvensalo, M.; Magnussen, C.G.; Yang, X.; Telama, R.; Heinonen, I.; Hutri-Kähönen, N.; Salin, K.; Viikari, J.;
Raitakari, O.T.; Tammelin, T.H. Convergent Validity of a Physical Activity Questionnaire against Objectively
Measured Physical Activity in Adults: The Cardiovascular Risk in Young Finns Study. Adv. Phys. Educ.
2017, 7, 457–472. [CrossRef]
18. Pälve, K. Physical Activity, Cardiorespiratory Fitness and Cardiovascular Health: The Cardiovascular Risk
in Young Finns Study. Ph. D. Thesis, University of Turku, Medica Odontologica, Turku, Finland, 2017.
19. Paalanen, L.; Männistö, S.; Virtanen, M.J.; Knekt, P.; Räsänen, L.; Montonen, J.; Pietinen, P. Validity of a
Food Frequency Questionnaire Varied by Age and Body Mass Index. J. Clin. Epidemiol. 2006, 59, 994–1001.
[CrossRef]
20. Muthén, L.K.; Muthén, B.O. Mplus User’s Guide (1998–2017), 8th ed.; Muthén & Muthén, Ed.: Los Angeles,
CA, USA, 2017.
21. Salin, K.; Kankaanpää, A.; Hirvensalo, M.; Lounassalo, I.; Yang, X.; Magnussen, C.; Hutri-Kähönen, N.;
Rovio, S.; Viikari, J.; Raitakari, O.; et al. Smoking and Physical Activity Trajectories from Childhood to
Midlife. Int. J. Environ. Res. Public Health 2019, 16, 974. [CrossRef]
22. Bakk, Z.; Tekle, F.B.; Vermunt, J.K. Estimating the Association between Latent Class Membership and External
Variables Using Bias-Adjusted Three-Step Approaches. Sociol. Methodol. 2013, 43, 272–311. [CrossRef]
Int. J. Environ. Res. Public Health 2019, 16, 4437 15 of 17
23. Bakk, Z.; Vermunt, J.K. Robustness of Stepwise Latent Class Modeling with Continuous Distal Outcomes.
Struct. Equ. Model. A Multidiscip. J. 2016, 23, 20–31. [CrossRef]
24. Asparouhov, T.; Muthén, B. Auxiliary Variables in Mixture Modeling: Using the BCH Method in Mplus
to Estimate a Distal Outcome Model and an Arbitrary Secondary Model. Available online: https://www.
statmodel.com/download/asparouhov_muthen_2014.pdf (accessed on 7 October 2019).
25. Hörnell, A.; Berg, C.; Forsum, E.; Larsson, C.; Sonestedt, E.; Åkesson, A.; Lachat, C.; Hawwash, D.;
Kolsteren, P.; Byrnes, G.; et al. Perspective: An Extension of the STROBE Statement for Observational Studies
in Nutritional Epidemiology (STROBE-Nut): Explanation and Elaboration. Adv. Nutr. An Int. Rev. J. 2017, 8,
652–678. [CrossRef]
26. van de Schoot, R.; Sijbrandij, M.; Winter, S.D.; Depaoli, S.; Vermunt, J.K. The GRoLTS-Checklist: Guidelines
for Reporting on Latent Trajectory Studies. Struct. Equ. Model. 2017, 24, 451–467. [CrossRef]
27. Laaksonen, M.; Luoto, R.; Helakorpi, S.; Uutela, A. Associations between Health-Related Behaviors: A 7-Year
Follow-up of Adults. Prev. Med. 2002, 34, 162–170. [CrossRef] [PubMed]
28. Nguyen, H.Q.; Herting, J.R.; Kohen, R.; Perry, C.K.; LaCroix, A.; Adams-Campbell, L.L.; Beresford, S.A.A.;
Eaton, C.B.; Tinker, L. Recreational Physical Activity in Postmenopausal Women Is Stable over 8 Years of
Follow-Up. J. Phys. Act. Health 2013, 10, 656–668. [CrossRef] [PubMed]
29. Vereecken, C.; Pedersen, T.P.; Ojala, K.; Krølner, R.; Dzielska, A.; Ahluwalia, N.; Giacchi, M.; Kelly, C. Fruit
and Vegetable Consumption Trends among Adolescents from 2002 to 2010 in 33 Countries. Eur. J. Public
Health 2015, 25, 16–19. [CrossRef]
30. Nikander, T. Young adults move away from family home at younger age in Summary of Wellbeing among
Finnish Adolescents and Young Adults [Hyvinvointikatsaus 1/2009 – Nuoret]. Statistics Finland. 2009.
Available online: http://www.stat.fi/artikkelit/2009/art_2009-03-16_004.html (accessed on 7 November 2019).
31. Devine, C.M.; Connors, M.; Bisogni, C.A.; Sobal, J. Life-Course Influences on Fruit and Vegetable Trajectories:
Qualitative Analysis of Food Choices. J. Nutr. Educ. 1998, 30, 361–370. [CrossRef]
32. Olson, J.S.; Hummer, R.A.; Harris, K.M. Gender and Health Behavior Clustering among U.S. Young Adults.
Biodemography Soc. Biol. 2017, 63, 3–20. [CrossRef]
33. Westenhöfer, J. Age and Gender Dependent Profile of Food Choice. In Diet Diversification and Health Promotion;
Elmadfa, I., Ed.; Karger: Basel, Switzerland, 2005; pp. 44–51.
34. Wardle, J.; Haase, A.M.; Steptoe, A.; Nillapun, M.; Jonwutiwes, K.; Bellisle, F. Gender Differences in Food
Choice: The Contribution of Health Beliefs and Dieting. Ann. Behav. Med. 2004, 27, 107–116. [CrossRef]
35. Munt, A.E.; Partridge, S.R.; Allman-Farinelli, M. The Barriers and Enablers of Healthy Eating among Young
Adults: A Missing Piece of the Obesity Puzzle: A Scoping Review. Obes. Rev. 2017, 18, 1–17. [CrossRef]
36. Parsons, T.J.; Power, C.; Manor, O. Longitudinal Physical Activity and Diet Patterns in the 1958 British Birth
Cohort. Med. Sci. Sports Exerc. 2006, 38, 547–554. [CrossRef]
37. Valsta, L.; Kaartinen, N.; Tapanainen, H.; Männistö, S.; Sääksjärvi, K. Nutrition in Finland—The National
FinDiet 2017 Survey. Available online: http://www.julkari.fi/bitstream/handle/10024/137433/URN_ISBN_978-
952-343-238-3.pdf?sequence=1&isAllowed=y (accessed on 5 July 2019).
38. Miller, V.; Yusuf, S.; Chow, C.K.; Dehghan, M.; Corsi, D.J.; Lock, K.; Popkin, B.; Rangarajan, S.; Khatib, R.;
Lear, S.A.; et al. Availability, Affordability, and Consumption of Fruits and Vegetables in 18 Countries across
Income Levels: Findings from the Prospective Urban Rural Epidemiology (PURE) Study. Lancet Glob. Heal.
2016, 4, e695–e703. [CrossRef]
39. Helldán, A.; Raulio, S.; Kosola, M.; Tapanainen, H.; Ovaskainen, M.-L.; Virtanen, S. The National FINDIET 2012
Survey. Available online: www.julkari.fi/bitstream/handle/10024/110839/THL_RAP2013_016_%26sliitteet.
pdf?sequence=1&isAllowed=y (accessed on 5 July 2019).
40. Helakorpi, S.; Pajunen, T.; Jallinoja, P.; Virtanen, S.; Uutela, A. Health behaviour and health among the
Finnish adult population, Spring. 2010. Available online: http://www.julkari.fi/bitstream/handle/10024/
80292/4582dc7b-0e9c-43db-b5eb-68589239b9a3.pdf?sequence=1&isAllowed=y (accessed on 5 July 2019).
41. Vareiro, D.; Bach-Faig, A.; Raidó Quintana, B.; Bertomeu, I.; Buckland, G.; Vaz De Almeida, M.D.;
Serra-Majem, L. Availability of Mediterranean and Non-Mediterranean Foods during the Last Four Decades:
Comparison of Several Geographical Areas. Public Health Nutr. 2009, 12, 1667–1675. [CrossRef] [PubMed]
Int. J. Environ. Res. Public Health 2019, 16, 4437 16 of 17
42. Roos, E.; Sarlio-Lähteenkorva, S.; Lallukka, T. Having Lunch at a Staff Canteen Is Associated with
Recommended Food Habits. Public Health Nutr. 2004, 7, 53–61. [CrossRef] [PubMed]
43. Prättälä, R. Dietary Changes in Finland—Success Stories and Future Challenges. Appetite 2003, 41, 245–249.
[CrossRef] [PubMed]
44. Lahti-Koski, M. Report on Nutrition 1998 [Ravitsemuskertomus 1998]. National Public Health Institute:
Helsinki, Finland, 1999. Available online: https://www.julkari.fi/bitstream/handle/10024/78259/1999b02.pdf?
sequence=1&isAllowed=y (accessed on 7 November 2019).
45. Fogelholm, M.; Hakala, P.; Kiuru, S.; Kurppa, S.; Kuusipalo, H.; Laitinen, J.; Marniemi, A.; Misikangas, M.;
Roos, E.; Sarlio-Lähteenkorva, S.; et al. Health from Food: Finnsih Food Recommendations.
Available online: https://www.ruokavirasto.fi/globalassets/teemat/terveytta-edistava-ruokavalio/kuluttaja-ja-
ammattilaismateriaali/julkaisut/ravitsemussuositukset_2014_fi_web_versio_5.pdf (accessed on 5 July 2019).
46. Finnish Food Recommendations—Balance of Nutrition and Physical Activity [Suomalaiset
ravitsemussuositukset —Ravinto ja liikunta tasapainoon]. Finnish Food Authority: Helsinki, Finland,
2005. Available online: https://asiakas.kotisivukone.com/files/luontoemo.kotisivukone.com/tiedostot/
suomalaisetravitsemussuositukset.pdf (accessed on 7 November 2019).
47. Kanerva, N.; Kaartinen, N.E.; Ovaskainen, M.L.; Konttinen, H.; Kontto, J.; Männistö, S. A Diet
Following Finnish Nutrition Recommendations Does Not Contribute to the Current Epidemic of Obesity.
Public Health Nutr. 2013, 16, 786–794. [CrossRef] [PubMed]
48. O’Donoghue, G.; Kennedy, A.; Puggina, A.; Aleksovska, K.; Buck, C.; Burns, C.; Cardon, G.; Carlin, A.;
Ciarapica, D.; Colotto, M.; et al. Socio-Economic Determinants of Physical Activity across the Life Course: A
DEterminants of DIet and Physical ACtivity (DEDIPAC) Umbrella Literature Review. PLoS ONE 2018, 13,
1–24. [CrossRef]
49. Condello, G.; Puggina, A.; Aleksovska, K.; Buck, C.; Burns, C.; Cardon, G.; Carlin, A.; Simon, C.; Ciarapica, D.;
Coppinger, T.; et al. Behavioral Determinants of Physical Activity across the Life Course: A DEterminants of
DIet and Physical ACtivity (DEDIPAC) Umbrella Systematic Literature Review. Int. J. Behav. Nutr. Phys. Act.
2017, 14, 58. [CrossRef]
50. Granner, M.L.; Evans, A.E. Variables Associated With Fruit and Vegetable Intake in Adolescents. Am. J. Heal.
Behav. 2011, 35, 591–602. [CrossRef]
51. Hall, J.N.; Moore, S.; Harper, S.B.; Lynch, J.W. Global Variability in Fruit and Vegetable Consumption. Am. J.
Prev. Med. 2009, 36, 402–409.e5. [CrossRef]
52. Hirvensalo, M.; Lintunen, T. Life-Course Perspective for Physical Activity and Sports Participation. Eur. Rev.
Aging Phys. Act. 2011, 8, 13–22. [CrossRef]
53. Dutton, G.R.; Napolitano, M.A.; Whiteley, J.A.; Marcus, B.H. Is Physical Activity a Gateway Behavior for
Diet? Findings from a Physical Activity Trial. Prev. Med. 2008, 46, 216–221. [CrossRef] [PubMed]
54. Wilcox, S.; King, A.C.; Castro, C.; Bortz, W. Do Changes in Physical Activity Lead to Dietary Changes in
Middle and Old Age? Am. J. Prev. Med. 2000, 18, 276–283. [CrossRef]
55. Prochaska, J.J.; Sallis, J.F. A Randomized Controlled Trial of Single Versus Multiple Health Behavior Change:
Promoting Physical Activity and Nutrition among Adolescents. Heal. Psychol. 2004, 23, 314–318. [CrossRef]
[PubMed]
56. Jacobs, D.R.; Tapsell, L.C. Food, Not Nutrients, Is the Fundamental Unit in Nutrition. Nutr. Rev. 2007, 65,
439–450. [CrossRef]
57. Slavin, J.; Lloyd, B. Health Benefits of Fruits and Vegetables. Adv. Nutr. 2012, 3, 506–516. [CrossRef]
58. Kurtze, N.; Rangul, V.; Hustvedt, B.E.; Flanders, W.D. Reliability and Validity of Self-Reported Physical
Activity in the Nord-Trøndelag Health Study—HUNT 1. Scand. J. Public Health 2008, 36, 52–61. [CrossRef]
59. Olds, T.S.; Gomersall, S.R.; Olds, S.T.; Ridley, K. A Source of Systematic Bias in Self-Reported Physical
Activity: The Cutpoint Bias Hypothesis. J. Sci. Med. Sport 2019, 22, 924–928. [CrossRef]
60. Downs, A.; Van Hoomissen, J.; Lafrenz, A.; Julka, D.L. Accelerometer-Measured versus Self-Reported
Physical Activity in College Students: Implications for Research and Practice. J. Am. Coll. Health 2014, 62,
204–212. [CrossRef]
61. Männistö, S.; Virtanen, M.; Mikkonen, T.; Pietinen, P. Reproducibility and Validity of a Food Frequency
Questionnaire in a Case-Control Study on Breast Cancer. J. Clin. Epidemiol. 1996, 49, 401–409. [CrossRef]
Int. J. Environ. Res. Public Health 2019, 16, 4437 17 of 17
62. Thompson, F.E.; Kipnis, V.; Subar, A.F.; Krebs-Smith, S.M.; Kahle, L.L.; Midthune, D.; Potischman, N.;
Schatzkin, A. Evaluation of 2 Brief Instruments and a Food-Frequency Questionnaire to Estimate Daily
Number of Servings of Fruit and Vegetables. Am. J. Clin. Nutr. 2000, 71, 1503–1510. [CrossRef]
63. Warren, J.R.; Luo, L.; Halpern-Manners, A.; Raymo, J.M.; Palloni, A. Do Different Methods for Modeling
Age-Graded Trajectories Yield Consistent and Valid Results? Am. J. Sociol. 2017, 120, 1809–1856. [CrossRef]
[PubMed]
64. Fleig, L.; Küper, C.; Lippke, S.; Schwarzer, R.; Wiedemann, A.U. Cross-Behavior Associations and Multiple
Health Behavior Change: A Longitudinal Study on Physical Activity and Fruit and Vegetable Intake.
J. Health Psychol. 2015, 20, 525–534. [CrossRef] [PubMed]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
